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Tbjectives: Late recurrence of atrial fibrillation frequently occurs after atrial
blation. Risk stratification for success and recurrence of the antiarrhythmic
urgical procedure has not yet been established. We studied postoperative
picardial unipolar auriculograms to distinguish between high- and low-risk
atients with late recurrence of atrial fibrillation.
ethods: Epicardial atrial fibrillatory activity was registered in 70 patients with
urgical ablation of permanent atrial fibrillation and postoperative recurrence
hrough the temporary wires. The atrial activation pattern was characterized in
groups (type I, II, and III) using Wells’s criteria. The groups were homoge-
eous in the main clinical preoperative and surgical variables.
esults: Mean atrial frequency of postoperative atrial fibrillation recurrence
howed differences between groups: 225  53 ms in type I, 177  21 ms in type
I, and 150  19 ms in type III (P  .01). At the end of the study, sinus rhythm
as achieved in 80% of the subjects with type I, 87.5% with type II, and 23.8%
ith type III (P  .001). During follow-up, late atrial fibrillation recurred in
1.7% of patients with type I, 17.4% with type II, and 64.2% with auriculogram
ype III. In multivariate regression analysis, the postoperative auriculogram type
II was the only predictor of late atrial fibrillation recurrence (odds ratio 15.6;
5% confidence interval, 3.2–74.7; P  .001).
onclusions: The unipolar epicardial auriculogram was able to characterize the
omplexity of the postoperative fibrillatory process and also to identify patients
ith a high risk of late recurrence. Auriculogram type III had a low success rate
or the intraoperative ablation procedure. The lines of the ablation procedure
acilitated organization of the auriculograms.
urgical ablation procedures have proved to be an effective strategy for the
treatment of atrial fibrillation (AF). Nevertheless, with the accumulation
of clinical experience with intraoperative ablation, failure of the proce-
ures and late recurrence arrhythmia have emerged as major concerns after atrial
blation. In a long-term follow-up, the postoperative sinus rhythm recovery rate
s around 73.4% to 92% with different ablation energies.1,2 Late postablation
ecurrence of arrhythmia could be avoided if intraoperative tests were per-
ormed, as is the practice during percutaneous procedures. Although some
uthors have mapped AF intraoperatively and treated the sources of atrial
eentries, it is unusual in normal practice to perform a guided procedure, because
t is enormously complex.3,4
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A
CDTo our knowledge, no studies of postoperative auriculo-
rams in patients undergoing AF ablation have been previ-
usly reported. The aim of this retrospective study was to
etermine whether organization of the auricle signal de-
ected by epicardial wire predicts arrhythmic events and
hether analysis could provide prognostic information.
aterials and Methods
atient Population
rom June 2000 to June 2006, 248 patients in permanent AF (3
onths) underwent cardiac surgery involving intraoperative abla-
ion of the arrhythmia. To obtain the cohort of patients for this
tudy, 70 patients were chosen arbitrarily with 1 or more postop-
rative intrahospital episodes of AF recurrence lasting more than
4 hours, despite the surgical ablation process. In these patients,
he postoperative AF episode was registered from the epicardial
trial surface (auriculogram), which allowed us to characterize and
lassify the arrhythmia and the patients for the study. Preoperative
ata are summarized in Table 1. The appendix shows the postop-
rative protocol employed in this study. All patients gave written
nformed consent for this study, which was approved by the ethical
ommittee of the hospital.
ssessment of Epicardial Auriculograms
fter weaning from bypass, two indifferent electrodes (wires) for
nipolar recording or stimulation (Myo/Wire, A&E Medical Corp,
armingdale, NJ) were placed at the right appendage and free
ateral wall of the right atrium. These wires were used to record the
ostoperative auriculograms. Standard 12-lead electrocardiogra-
hy (EKG) was recorded; however, V1 to V3 were not placed on
he skin of the patient but were used to register the epicardial
uricle signal through the wires. Two operators (F.H., I.R.) were
nvolved in the analysis of the signal and were unaware of the
linical findings of the individuals. In the auriculograms, 2 param-
ters were analyzed: 1) the frequency of atrial depolarization,
valuated from mean cycle length (ms) of a 5-second register of
he atrial electrograms and defined as the time between peaks of
he local electrical activity; 2) morphology of the auriculograms.
n the basis of the auriculogram morphologies and the nature of
heir baseline, the atrial signal was grouped into 3 categories, as in
ells and colleagues5 and Konnigs and associates6 (Figure 1).
urgical Procedures
he left atrium (LA) was approached via the interatrial groove,
mploying a wide dissection until approaching the fossa ovalis.
aze III (biatrial) procedures were performed in 36 (51.4%)
Abbreviations and Acronyms
AF  atrial fibrillation
ECV  electrical cardioversion
EKG electrocardiography
LA  left atrium
RA  right atriumatients, mini-Maze (LA maze and cavotricuspid isthmus) in 21 a
494 The Journal of Thoracic and Cardiovascular Surgery ● Jun30%), and a pattern of isthmus (pulmonary veins isolation, left
itral isthmus, line between right pulmonary veins and mitral
nnulus, and cavotricuspid isthmus) in 3 (18.5%). All the ablation
ines of the LA were performed from the endocardium side, and in
he right atrium (RA) epicardially, with the same energy protocol
n both chambers. The left atrial appendage was closed only when
thrombus was found during surgery, and this happened in 2
atients of group I.
tatistical Analysis
ontinuous variables are presented as means  SD or proportions.
he data distributed normally were analyzed by Student t test, and
ata not distributed normally were analyzed by the Mann–Whitney U
est. Categorical variables are presented as numbers and percentages
ABLE 1. Baseline characteristics and preoperative echo-
ardiographic variables of atrial sizes (n  70 patients)
linical characteristics
ge (y) 62.3 11.8
ale/female gender (n) 24/46
KG voltage F-wave (mV) 0.102 0.09
F long-standing (y) 6.6 5.9
1 9 (12.8)
1–3 12 (17.1)
3–6 18 (25.7)
6–10 13 (18.5)
10 18 (25.7)
ntiarrhythmic drug tested 2.3 0.7
iabetes mellitus (%) 10 (14.2)
rterial hypertension (%) 27 (38.5)
espiratory pathology (%) 11 (15.7)
eoperation (%) 8 (11.4)
hromboembolic antecedent 16 (22.8)
itral valve disease (%) 67 (95.7)
ricuspid valve disease (%) 16 (22.8)
ortic valve disease (%) 26 (37.1)
AD (%) 14 (20)
trial septal defect (%) 1 (1.4)
heumatic etiology 54 (77.1)
egenerative 9 (12.8)
schemic 4 (5.7)
reoperative atrial size
Anteroposterior LA diameter (mm) 54.6 16.5
Anteroposterior LA diameter  45 mm (%) 56 (80%)
Area LA (cm2) 38.1  10.6
Volume LA (mL) 129.2 52.0
Volume LA/surface body area 78.7 31.7
Area RA (cm2) 21.2  5.3
Volume RA (mL) 77.4 50.2
Volume RA/surface body area 47.6 33.8
ata are given as mean  SD or number (%). AF, Atrial fibrillation; LA, left
trium; RA, right atrium; CAD, coronary artery disease.nd compared by Fisher exact test. Multivariate logistic regression
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A
CDnalysis was performed as conditional backward stepwise propor-
ional hazards. Kaplan–Meier curves were generated to describe the
umulative incidence of AF recurrences for each auriculogram type
uring the follow-up, and the equality of the events distributions was
ssessed with the log-rank test. Analysis of the reproducibility of the
uriculogram measurements in 2 consecutive cycles showed a varia-
ion of 1%  5%. The patients’ clinical data were statistically pro-
essed by the SPSS 12.0 Software for Windows (SPSS Inc., Chicago,
L). This study has a mean follow-up of 658 days (195-2059), 197
atients/y, with 4 patients dying during the study. Two patients with
ype I and 2 with type III refused to complete the programmed
lectrical cardioversion (ECV) protocol and continued in AF. In these
ases, the procedure was also considered statistically as a failure for
he final results.
esults
rganization of Postoperative Auriculograms
f the AF
he recorded recurrent episode of AF was morphologically
lassified as type I in 25 (35.7%) patients, type II in 24
34.2%), and type III in 21 (30%). The intraoperative mean
ycle length before the ablation procedure was 161.1 21.2
s, and all patients showed type III. New postoperative
pisodes of AF showed significant mean frequency differ-
nces between types of auriculogram: type I 225  53 ms,
ype II 177  21 ms, and type III 150  19 ms (P  .01,
etween type I–II versus III). None of the preoperative and
igure 1. Epicardial auriculogram, paper speed of 25 mm/s and
mplitude of 1 cm/mV. (Top) Type I is characterized by discrete
uriculogram complexes separated by an isoelectric baseline
ree of perturbation. (Middle) Type II is characterized by discrete
uriculogram complexes but with perturbations of the baseline
etween complexes. (Bottom) Type III is characterized by auricu-
ogram complexes that failed to demonstrate either discrete
omplexes or isoelectric baseline.urgical variables were a prognostic factor of higher orga- r
The Journal of Thoracicization. The mean obtained cycle length with the 3 lesion
atterns was similar, and there was no difference between
ypes of auriculogram.
linical Profile of Patients With Hospital
F Recurrence
he characteristics of the 3 groups of patients are presented
n Table 2. The postoperative type of AF auriculogram was
ot related to any preoperative or surgical variables.
nalysis of Results of Hospital and Early Time
f Follow-up
t discharge, the number of patients in sinus rhythm was: 9
atients with type I (36%), 9 with type II (37.5%), and only
patients with type III (14.2%). Of these patients, only 4
ith type I, 3 with type II, and none with type III kept the
inus rhythm stable and did not need ECV during the rest of
he follow-up. The auriculogram type was a prognostic
ariable that predicted the success of the ablation procedure
t the end of the follow-up in patients who were discharged
n AF (P  .03). Eleven patients with type I (73.3%), 12
ith type II (80%), and 1 with type III (5.8%) were dis-
harged in AF and recovered the rhythm at the end of the
ollow-up.
During the early period of follow-up in patients who
ere discharged in AF, the spontaneous conversion to
inus rhythm was more frequent in patients with type I
nd II (Table 3). Early failure of the surgical ablation
rocedure during this follow-up period, considered when
inus rhythm was not achieved after the protocol, hap-
ened in 1 patient of group I, 1 patient of group II, and in
of group III. Three patients (4.2%) needed pacemaker
mplantation, 2 of group I and 1 of group II. In 3 patients
f group I and in 1 of the group II, a percutaneous
blation procedure was performed to treat the recurrent
F and was only effective in 2 patients (group I). During
his follow-up period, 1 patient with type I died from an
nknown cause, and another with type I in permanent AF
ad a leg thromboembolic episode.
ong-term Follow-up Results
ate AF recurrence treated with ECV happened in 5 patients
21.7%) with type I, 4 patients (17.4%) with type II, and 9
atients (64.2%) with type III. The time of the late recur-
ence was variable and unpredictable; most of them oc-
urred during the first year of follow-up. In the subgroup of
atients who kept stable sinus rhythm during the early
ollow-up stage and did not need ECV, late AF recurrence
appened in 3 (100%) patients with type III, 1 (25%) with
ype II, and none with type I. During this later period of
ime, 3 patients died (1 patient with type I who refused ECV
nd had an intestinal embolic episode, another patient with
ype I who had a mechanical valve and suffered a hemor-
hagic cerebral episode related to acenocumarol treatment,
and Cardiovascular Surgery ● Volume 133, Number 6 1495
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1
A
CDnd another patient with type II with an acute aortic dissec-
ion) and there were 2 thromboembolic episodes (1 with
ype I who died and has been mentioned before and another
atient with type III with a leg embolism during a parox-
smal AF episode).
At the end of the follow-up, for 65.7% of the patients
ho had immediate postoperative recurrence of AF, the
urgical ablation procedure was successful and sinus
hythm returned, 20 patients (80%) with postoperative
F of type I, 21 patients (87.5%) of type II, and 5
atients (23.8%) of type III. Ablation of the AF was
tatistically superior among patients type I to II versus
ype III (P  .001); there were no differences between
ypes I and II. The mean cycle length of the auriculo-
rams of the patients with sinus rhythm was 195.5  50.5
s versus 165.7  30.9 ms in patients with recurrent AF
P  .03). At the end of the study, the antiarrhythmic
reatment could be suspended in 52%, 50%, and 14.2%
nd anticoagulation in 24%, 29.1%, and 4.7% of patients
ABLE 2. Comparisons of characteristics in the three grou
Type I (n  2
ge (y) 57.0 15.1
F long-standing (y) 6.2 5.8
KG voltage F-wave V1 (mV) 0.121 0.08
eoperation (%) 2 (8)
tructural heart disease (%)
Mitral valve 24 (96)
Tricuspid valve 6 (24)
Aortic valve 7 (28)
CAD 4 (16)
nteroposterior LA diameter (mm) 51.8 9.4
rea LA (cm2) 39.0 12.9
olume LA (mL) 137.1 37.3
olume LA/surface body area 82.7 39.3
rea RA (cm2) 21.5 6.7
olume RA (mL) 97.4 19.1
olume RA/surface body area 60.8 6.5
attern of lesions
Procedure
Maze III (%) 13 (57)
Mini-Maze (%) 6 (26)
Lineal pattern (%) 4 (17)
Ablation energies
Cryoablation (%) 6 (24)
Radiofrequency (%) 11 (44)
Microwaves (%) 7 (28)
ata are given as mean SD or number (%). Auricular diameters were me
n the 4-chamber apical view, and auricular volume was calculated usin
emperature control with an upper limit of 85°C) was applied with Therma
ose, Calif), microwaves (65 W during 65 seconds) with Flex 4 system (m
ryoablation (2 minutes of ice ball, at –70°C) with Erbe system (Erbocryo
AD, coronary artery disease. *P  .05 between type I and type II.ype I, II, and III, respectively. h
496 The Journal of Thoracic and Cardiovascular Surgery ● Junrediction of Transition to Sinus Rhythm From
ostoperative AF Recurrence
multivariate logistic regression analysis was carried out.
uriculogram type III in the postoperative AF recurrence
as the only predictor of a new AF event (odds ratio 15.64;
5% confidence interval: 3.2-74.7; P  .001; Table 4). To
ssess whether the type of atrial electrogram can be used to
redict sinus rhythm, a Kaplan–Meier analysis was carried
ut (Figure 2). The transition to sinus rhythm was clearly
ore frequent in patients with type I or II (P  .003).
iscussion
he main results of the present study were as follows: 1)
ermination of AF by a surgical ablation procedure seems
o be associated with an initially higher organization of
uriculograms; the greater the abnormal morphology of
trial electrograms from postoperative AF, the greater the
ikelihood that the postoperative rhythm will again develop
nto AF. 2) The type III group should be considered as
f auriculogram types
Type II (n  24) Type III (n  21)
66.6 7.7 62.4  9.0
5.6  5.4 8.0  6.0
0.113 0.071 0.072  0.064
1 (4.2) 5 (23.8)
22 (91.6) 21 (100)
5 (20.8) 5 (23.8)
9 (37.5) 10 (47.6)
6 (25) 4 (19)
58.5 28.2 53.8  8.5
38.8 11.3 36.8  9.7
136.6 48.7 116.8  54.9
85.5 30.9 69.6  31.8
21.6 3.3 20.6  5.5
47.4 17.8 66.0  18.2
30.6 10.9 38.3  15.6
12 (46) 11 (52)
11 (42) 4 (19)
3 (12) 6 (29)
6 (25) 5 (23.8)
5 (20.8) 6 (25)
13 (54.1) 11 (52.3)
d in millimeters by echocardiography; the auricular area was planimetered
ellipse formula. Unipolar radiofrequency (100 W for 120 seconds, under
system (model 15907, Boston Scientific Corporation, EP Technology, San
5907, Guidant Scientific Corporation, EP Technology, St Paul, Minn), and
ubingen, Germany). AF, Atrial fibrillation; LA, left atrium; RA, right atrium;ps o
5)
*
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CA, Taving ineffective ablation procedure with a high risk of AF
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A
CDecurrence, for whom drug anticoagulation–antiarrhythmic
herapy withdrawal should therefore not be recommended.
) Types I and II could be considered as low-risk groups,
aving a lower incidence of AF recurrence during the fol-
ow-up time. 4) Unipolar epicardial auriculogram charac-
eristics could be a noninvasive surgical marker for distin-
uishing between high- and low-risk patients.
At the present time, intraoperative ablation is a widely
sed method of surgical therapy for this type of arrhythmia.
owever, the recurrence rate of AF is the most frequent
roblem of the procedure. Khargi et al1 reviewed 48 clinical
tudies with long-term follow-up results and reported that
he postoperative sinus rhythm recovery rate was 78.3%
21.7% recurrence) with different ablation energies. A re-
ent meta-analysis, based on 69 surgical ablation studies,
eports rates of freedom from late AF as between 92% and
3.4%.2 Various factors have been implicated in the out-
ome of the surgical ablation process, such as pattern of
esion, atrial size, long-standing AF, age of the patient,
mong others.2,7,8 Benussi et al9 considered patient age and
ABLE 3. Evolution of the rhythm after the postoperative
rotocol based on the auriculogram type
Final rhythm
ostoperative protocol n SR AF
ype I
Spontaneous cardioversion 8 8 0
Effective ECV 10 8 2
Ineffective ECV 2 1 1
ype II
Spontaneous cardioversion 7 6 1
Effective ECV 13 12 1
Ineffective ECV 1 0 1
ype III
Spontaneous cardioversion 3 2 1
Effective ECV 11 3 9
Ineffective ECV 6 0 6
alues are provided as number of patients. SR, Sinus rhythm; AF, atrial
brillation; ECV, electrical cardioversion.
ABLE 4. Independent predictors of atrial fibrillation
ecurrence
Odds ratio 95% CI P value
ender 1.743 0.371-8.2 .48
ge (y) 1.063 0.975-1.158 .166
F long-standing 1.058 0.928-1.207 .399
ize LA (anteroposterior) 0.995 0.949-1.043 .826
uriculogram type III 15.65 3.275-74.78 .001
A, Left atrium.arly postoperative arrhythmias as the only factors that e
The Journal of Thoracicncreased the risk of recurring AF and found 1-year freedom
rom AF recurrence was significantly lower in patients
xperiencing in-hospital postoperative arrhythmias, 67%
ersus 90%. These data are similar to our results of 65.7%
inus rhythm in patients with early postoperative AF recur-
ence. In this subgroup of patients with a postoperative
ecurrence episode of AF, we were looking for significant
reoperative risk factors, although no variables surfaced as
tatistically significant predictors. Only the postoperative
uriculogram type was a good predictor of late AF
ecurrence.
Surprisingly, in this era of catheter ablation and detailed
ndocardial mapping, only a few clinical studies have ad-
ressed the intraoperative atrial electrogram morphology
nd analysis of the reentries.4,10 In catheter ablation proce-
ures, some studies have shown that successful elimination
f AF was associated with a higher organization index of
he auriculograms.11,12 Our study shows a process of post-
perative organization of the auriculograms that is probably
elated to the ablation lines and the exclusion of pulmonary
eins. The mean cycle length of the postoperative auricu-
ograms of the patients who recover sinus rhythm was
ignificantly longer than in patients who are persistently in
F and is related to the termination of AF during the
ollow-up. One underlying question is: how much ablation
s enough, or too much if we achieve atrial organization?
hese epicardial EKG recordings could possibly be used to
uide the surgical ablation procedure and improve the suc-
ess of the technique. However, this is only a hypothesis
hat will need to be tested in the future.
AF can be characterized from epicardial records.13,14 In
ur study we did not perform an intra- or postoperative
igure 2. Kaplan–Meier actuarial curves for atrial fibrillation
ecurrence events based on postoperative type of auriculogram:
roup A, patients with atrial electrogram types I and II (n  49);
roup B, patients with type III (n  21).ndocardial mapping study, and therefore we cannot cor-
and Cardiovascular Surgery ● Volume 133, Number 6 1497
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1
A
CDelate the epicardial morphology of the postoperative AF
ecurrence with the real electrophysiology substrate.
herefore, it should be emphasized that our visual clas-
ification of the AF based on epicardial unipolar auricu-
ogram recordings does not identify the arrhythmia mech-
nism per se. However, we believe that with this
ostoperative information we can improve our follow-up
rotocols and make better clinical decisions for individual
atients, for example, by withdrawing antiarrthymic/antico-
gulation treatments. Our data suggest that the type III
roup should be considered as having a high risk of AF
ecurrence, and in this case, it is therefore not recommended
o withdraw drug anticoagulation–antiarrhythmic therapy.
ype III is probably a predictor of late failure of the ablation
rocedure. Moreover, patients with recurrent episodes of
ype I or II have a good clinical prognosis and should be
ecommended to repeat electrical or pharmacology cardio-
ersion or catheter ablation before considering the proce-
ure unsuccessful, as these maneuvers are usually
uccessful.
Our study has several limitations. First, the number of
atients in the present study was quite small. Second, we
erformed the auriculogram only in the daytime. It is known
hat in these patients other episodes can occur that may be
orphologically different. Third, EKG activity may be in-
uenced by autonomic nervous system activity at the time
f EKG acquisition. Fourth, postoperative antiarrhythmic
reatment reduced the mean and variability of AF frequency
ver time from the start of drug administration. Finally, this
tudy is a retrospective study based on our preoperative
rotocol, which will differ from those of other clinical
ommunities.
In summary, unipolar auriculogram recording may char-
cterize the complexity of postoperative fibrillatory waves
nd be useful for anticipating the later clinical results of the
urgical AF ablation process. It therefore could be useful in
roviding more precise management of drug therapy
hroughout the follow-up period.
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ntiarrhythmic treatment, mainly digoxin and amiodarone, which
ere not withdrawn for the procedure. Dual-chamber DDD stim-
lation was performed for 48 hours after surgery. Amiodarone was
nitiated in the immediate postoperative period (1200 mg/d intra-
enously for 48 hours), continued for at least 3 months by oral
dministration (200 mg/d), or with sotalol in case of contraindi-
ation (80-160 mg/d). Anticoagulation was suspended after 6
onths in those patients without mechanical prosthesis and effec-
ive ECHO auricular contraction (mitral A/E ratio more than 0.25).
ubsequently, the antiarrhythmic therapy was discontinued in
hose cases that had recovered sinus rhythm.
During intrahospital time, postoperative AF recurrence was not
lectrically cardioverted except in cases that showed hemody-
amic intolerance of the arrhythmia. Programmed ECV was per-
ormed between the first and third postoperative months. During
he late follow-up, new persistent/permanent AF or flutter episodes
ere always treated with ECV, with a maximum of 2 new at-
empts, the surgical ablation process being then considered as
neffective and the AF as permanent. When the ECV was ineffec-
ive and EKG showed an F-wave with a high course (2 mV) and
he patient accepted further ablation treatment, a percutaneous
rocedure was considered. Postoperative controls during the late
ollow-up were carried out after 3 and 6 months and annually with
n EKG.
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